Regulation of expression of the ADE3 gene for yeast C1-tetrahydrofolate synthase, a trifunctional enzyme involved in one-carbon metabolism.
C1-THF (5,6,7,8-tetrahydrofolate) synthase is a trifunctional protein catalyzing the sequential reactions specified by the enzymes 10-formyl-THF synthetase (EC 6.3.4.3), 5,10-methenyl-THF cyclohydrolase (EC 3.5.4.9), and 5,10-methylene-THF dehydrogenase (EC 1.5.1.5). These three activities supply the activated one-carbon units required for the biosynthesis of purines, thymidylate, the amino acids histidine and methionine, the vitamin pantothenic acid, and the formyl group of mitochondrial fMet-tRNAfMet. Extracts of Saccharomyces cerevisiae whose growth is dependent on the three activities of C1-THF synthase contain 2-3 times the level of enzyme activity of extracts from cells grown under conditions where they are independent of this enzyme. Repression of C1-THF synthase activity requires the simultaneous presence of adenine, histidine, methionine, and pantothenic acid. Starvation of the cells for any one of these nutrients leads to derepression of the enzyme. Drug-induced folate starvation also leads to derepression of enzyme activity. The response to changing nutritional conditions occurs within 1 h and is due to changes in the steady-state concentration of C1-THF synthase enzyme, rather than to activation or deactivation of a pre-existing pool of enzyme. Determination of the amount of C1-THF synthase mRNA under the various growth conditions by an in vitro translation/immunoprecipitation assay indicates that regulation of the enzyme occurs predominantly at a pretranslational level since steady-state levels of C1-THF synthase mRNA are 2-3-fold higher in derepressed cells than in repressed cells.